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ABSTRACT
The diffuse intracluster light (ICL) contains a significant fraction of the total stellar
mass in clusters of galaxies, and contributes in roughly equal proportion as the hot
intra-cluster medium (ICM) to the total baryon content of clusters. Because of the
potential importance of understanding the origin of the ICL in the context of the
formation and evolution of structure in the Universe, the field has recently undergone a
revival both in the quality and quantity of observational and theoretical investigations.
Due to cosmological dimming, the observational work has mostly concentrated on low
redshift clusters, but clearly observations at higher redshifts can provide interesting
clues about the evolution of the diffuse component. In this paper we present the first
results of a program to characterize the ICL of intermediate redshift clusters. We find
that at z ∼ 0.3, the X-ray cluster RX J0054.0-2823 already has a significant ICL
and that the fraction of the total light in the ICL and the brightest cluster galaxy
(BCG) is comparable to that of similar clusters at lower redshift. We also find that
the kinematics of the ICL is consistent with it being the remnant of tidally destroyed
galaxies streaming in the central regions of the cluster, which has three central giant
elliptical galaxies acting as an efficient “grinding machine”. Our cluster has a bi-modal
radial-velocity distribution and thus two possible values for the velocity dispersion. We
find that the cluster fits well in the correlation between BCG+ICL fraction and cluster
mass for a range of velocity dispersions, leading us to question the validity of a relevant
correlation between these two quantities.
Key words: galaxies: clusters: intracluster medium – galaxies: clusters: individual:
RX J0054.0-2823 – galaxies: interactions – galaxies: elliptical and lenticular, cD
1 INTRODUCTION
The diffuse intracluster light (ICL) in rich clusters
of galaxies is by now a mature field that was pi-
oneered by Zwicky (1951, 1952) and quantified us-
ing innovative photoelectric and photographic tech-
niques by de Vaucouleurs & de Vaucouleurs (1970),
Melnick, Hoessel, & White (1977) and Thuan & Kormendy
(1977). But it was not until the advent of low-noise
panoramic CCD detectors that the field matured and
evolved to the present state of the art (Zibetti et al. 2005;
Gonzalez, Zaritsky, & Zabludoff 2007; Mihos et al. 2005;
Krick, Bernstein, & Pimbblet 2006). However, even with
state of the art CCDs on the most powerful telescopes, the
1 Based on observations collected at the European Organisation
for Astronomical Research in the Southern Hemisphere, Chile.
ESO 078A–0456; ESO 65.O–0425
task of detecting and quantifying the diffuse intergalactic
component is far from straightforward. Not only are we
dealing with signals that are much fainter than the sky,
but it is also very difficult to disentangle the emission
from bona-fide free floating intergalactic stars from the
outer haloes of the brightest cluster galaxies (BCGs).
Recently, there have been substantial improvements in the
theoretical understanding of the origin of the ICL through
detailed numerical simulations (eg. Rudick et al. 2009;
Dolag, Murante, & Borgani 2009; Puchwein et al. 2010;
Murante et al. 2007, and references therein), and the field
is evolving from being purely observationally driven, to a
phase of rich interaction between theory and observations.
Numerical simulations indicate that most of the ICL is
accrued fairly recently in the merging history of clusters,
probably at redshifts z < 1. Some of the ICL is produced
in earlier sub-mergers and falls into the clusters together
with their parent groups and smaller clusters, while much of
c© 2010 RAS
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the intracluster light comes from stars stripped off massive
galaxies that fall into the forming cluster. Recent state of
the art hydrodynamical simulations (Puchwein et al. 2010)
predict that the ICL should contain a significant fraction
(∼ 45%) of the total stellar mass in clusters, well in excess
of the values typically observed. Thus, observations of the
diffuse intracluster light in clusters should yield information
not only about the origin of the ICL, but also about the for-
mation of the clusters themselves. Mapping the evolution of
the ICL as a function of redshift should, at least in principle,
provide a novel cosmological probe.
In the course of an investigation of the diffuse inter-
galactic light in X-ray emitting clusters at intermediate red-
shifts, we detected a puzzling S-shaped arc-like structure in
the ROSAT cluster RX J0054.0-2823 that we tentatively
identified as the gravitationally lensed image of a back-
ground galaxy at a redshift between z = 0.5 and z = 1.0
(Faure et al. 2007). The cluster is characterized by having
three dominant D class galaxies, two of which are interacting
forming a dumbbell cD system. Thus, although our lensing
models reproduced surprisingly well the arc-structure, the
possibility that it could be tidal debris related to these mas-
sive galaxies could not be excluded. In fact, numerical sim-
ulations of cluster formation show that galaxies and groups
falling in the cluster potential actually retain their identi-
ties for rather long times, so the ICL should actually have
a filamentary structure, which is actually observed in some
clusters (see Mihos et al. 2005; Rudick et al. 2009, and ref-
erences therein). We therefore embarked on an ambitious
project to measure the redshift of the arc, which has a low
surface brightness so, unless the spectrum is dominated by
strong emission lines, required long integration times. We
designed an observing strategy allowing us at the same time
to observe the arc, the diffuse intracluster Light (ICL), and
a substantial number of individual galaxies in the field tak-
ing advantage of the multi-object spectroscopic mode of the
FORS2 instrument on Paranal. This allowed us to obtain the
redshifts of more than 650 galaxies in addition to very deep
observations of the arc, and very deep images and long-slit
observations of the ICL.
The analysis of the field population around the cluster
are presented in two separate papers (Giraud et al. 2010,
2011) that also contain the details of the observations and
the data analysis procedures. The present paper is devoted
to the investigation of the diffuse intra-cluster light compo-
nent and the analysis of the dynamics of the cluster based
on our deep images and deep spectroscopy. In Section 2 we
present a detailed description of the observations and the
data reduction techniques for the photometry and for the
long-slit spectroscopy that has not been described in our
previous papers. Section 3 presents the dynamical and pho-
tometric properties of the cluster and the ICL and details
the techniques that we used to detect and measure the ICL
component and to define its photometric and spectroscopic
properties, including those of the S-shaped arc. Finally, Sec-
tions 4 and 5 discuss the results and presents the conclusions
of this work. Throughout this work we use the standard cos-
mology H0 = 75 km s
−1, Ωm = 0.3; ΩΛ = 0.7.
2 OBSERVATIONS
2.1 Photometry
Our initial deep images of the cluster were obtained with
SUSI2 at the La Silla New Technology Telescope (NTT)
in the V and I bands in the nights 26 and 27 of Septem-
ber 2000. SUSI2 is an excellent instrument for this kind of
work: besides the reflections in the three telescope mirrors it
has only one additional reflection, one transmission through
the dewar entrance window and the filter, ensuring a very
clean point spread function (PSF). The observations were
executed using the Continuous Differential Imaging (CDI)
method described in detail by Melnick, Selman, & Quintana
(1999). Briefly, the observations are done (as in the infrared)
by nodding between object and sky. Since SUSI2 has a mo-
saic of two CCDs, the nodding was done by alternatively
centering the brightest cluster galaxy (BCG) on either CCD
and thus measuring the sky on the other. The images of each
CCD are calibrated using standard techniques, and the me-
dian of the two bracketing sky images is subtracted from
each cluster image to obtain a set of sky-subtracted images
of the cluster that we call CDIs. All CDIs are astrometrically
registered and photometrically calibrated before being aver-
aged. The resulting image is used to create a mask where
every discrete object is flagged. This mask is used to create
new CDIs were the signal from discrete objects in the sky
frames is removed. A final science image is produced in this
way and Melnick, Selman, & Quintana (1999) showed that
the technique works even under rather unfavorable observ-
ing conditions. Table 1 summarizes the number of consec-
utive images used for each band, and the total amount of
observing time.
The CDI technique allows us to obtain extremely uni-
form backgrounds over a 4.3 arcmin wide section in RA (1.05
Mpc at the cluster redshift), due to the offset used to nodd
the CCD during observations. At scales larger than 4.3 ar-
cmin the background is also very uniform, but information
has been lost due to the CDI reduction technique. The log-
arithm of the frequency distribution of pixels values shown
in Figure 1 indicates that the background noise is Gaussian
with a mean value of 0 ADUs and a dispersion equivalent
to a background uniformity of ∼ 0.2% of the original sky
level in both bands. We remark that our original I-band im-
ages have a mean sky brightness of ∼ 19.5 mag arcsec−2
while using the CDI technique we were able to detect sur-
face brightness levels down to I ∼ 29 mag arcsec−2 at 1σ
above the sky level. Observations were carried out with an
instrumental seeing of 0.8 to 1.1 arcsec, and about 40% moon
illumination.
We also have deep R images taken with the FORS2 in-
strument at VLT in the night of September 22, 2006. They
were acquired initially to construct the masks for our spec-
troscopic observations, but since we had access to the cal-
ibration data of that night we also reduced them to have
R band magnitudes (in this case we did not use the CDI
method).
We used Sextractor to produce a catalogue with posi-
tions and magnitudes of all galaxies in our SUSI V and I
images and FORS2 R band. We first run sextractor over
the V data. To derive meaningful colours, the I-band and
R-band catalogs were created using the objects and their
structural parameters as determined in the V image (ASSOC
c© 2010 RAS, MNRAS 000, 1–14
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Table 1. CDI Imaging observations for RX J0054.0-2823
Night Number of Total Observing
Images Time
SUSI V 1 14
2 19 9900s
SUSI I 1 24
2 18 12600s
FORS2 R 1 6 2760s
Figure 1. Logarithmic pixel intensity histograms for the final
V-band and I-band CDI images. The Gaussian fits to the back-
ground noise correspond to a mean intensity of 0 and a rms noise
of about 0.2% of the sky level in both bands. This translates to
1σ detections down to ∼ 30 and ∼ 29 mag arsec−2 respectively.
The small deviation from perfect parabolae at negative intensities
is due to the fact that not all pixels in the final images contain
contributions from the same number of CDIs.
option in Sextractor). Figure 2 presents the resulting colour-
magnitude diagram of the field where different symbols are
used to represent objects with measured radial velocities,
and members of the central X-ray cluster. The complete
catalogue of cluster galaxies with photometry and measured
radial velocities in the range of SUSI2 FoV is presented in
Table 2.2.
2.2 Spectroscopy
Long-slit and multi-object spectroscopy of the dominant
cluster galaxies, the diffuse component, the arc, and about
650 galaxies in the field were obtained using FORS2 on the
Figure 2. Color-magnitude diagram of the full field of RX
J0054.0-2823. Open circles show objects with measured radial
velocities, red symbols depict cluster members and points corre-
spond to galaxies with no spectra. The red-sequence of the cluster
is clearly appreciated in this figure.
Figure 3. Location of the FORS2 long-slits superposed on the
R-band image of the cluster.
VLT. Full details about the observations and the data re-
duction of the individual galaxies are given by (Giraud et al.
2010, henceforth Paper I). Here we present a detailed ac-
count of the long-slit data, which is not given in that paper,
including particulars relevant to the long-slit observations of
the S-shaped arc, the BCG halo and ICL component. Fig-
ure 3 shows the positions of the slits drawn on our R-band
image of the cluster, where the codes that we will use to
label the corresponding spectra are identified.
Comparison with our deep images of the BCG halo and
ICL shown below (Fig. 8) show that the outermost slits,
c© 2010 RAS, MNRAS 000, 1–14
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which we used to measure the sky, are indeed free of con-
tamination by the BCG halo or the ICL. The two sky posi-
tions parallel to the slits on the S-shaped arc were used to
correct the spectra for sky features. The figure also shows
that the S-shaped arc (that is covered by two slits) suffers
from significant contamination by the BCG haloes, which
was corrected subtracting the light from the outermost pix-
els along the corresponding slits of each arc component.
The spectroscopic observations were spread over two
periods (P78 and P80) to satisfy the conditions of dark and
clear sky with sub-arsecond seeing. In order to match the
major and minor axis of the ICL and the symmetric S-
shaped arc, rotation angles of −343o, −85o, and −55o were
applied. The slit lengths used for the ICL spectra are 56.5′′,
32.5′′, and 24.5′′. Slit widths are 1.6′′ for the ICL, and 1′′
for the arcs. We used the grism 300V with the order sort-
ing filter GG435 for the ICL and the arcs. Thus, the 300V
grism covers a wavelength range between 4450− 8700A˚ at a
resolution of 112A˚ mm−1. With the detector used in binned
mode the pixel resolution is 3.36 A˚ pixel−1. We also used
the 600RI grism for the arc with the same order sorting fil-
ter, which covers the range 5120-8450A˚ at a resolution of
55A˚ mm−1. The total exposure time for each of the ICL
axis is 18 × 1450s, and that of the arcs is 12 × 1450s with
the 300V grism and 10 × 1450s with the 600RI. The total
telescope time including field acquisition, mask positioning,
and integration time is 58 hours (1h of telescope time pro-
vides 2× 1450 s of integration). The journal of observations
is given in Paper I. The reader will notice that our slit width
of 1.6′′ is rather small for measurements of very low surface
brightness objects. However, given the low richness and low
X-ray luminosity of the cluster, our slit choice was a com-
promise between sensitivity and spectral resolution.
The data were first reduced by the ESO quality control
group who provided us with science products together with
calibration data: master bias (bias and dark levels, read-out
noise), master screen flats (high spatial frequency flat, slit
function), wavelength calibration spectra from He-Ar lamps,
and a set of spectrophotometric standards. We repeated the
reduction pipeline starting from bias subtraction, flat field-
ing, and wavelength calibration. We estimated the sky back-
ground on slitlets away from the ICL, either on one side of
the ICL slits, or both. Distortion with respect to the columns
was measured on the sky line at 5577A˚ and used to build a
2D sky which was subtracted to the 2D spectrum. The 2D
spectra were divided by the CCD response curve derived
from spectrophotometric standards, but were not calibrated
in flux. Multiple exposures where then aligned and median
averaged. The spatial alignment of 2D spectra of the ICL
major semi-axis South (ICL-S) was done by using the spec-
trum of a faint galaxy, namely object A in Figure 3. For
the semi-major axis of the northern part of the ICL (ICL-N
marked Y in Figure 3) we used the profile of galaxy #210.
Galaxy A is a distant background object, and galaxy 210 is
a cluster galaxy possibly in the ICL. For the ICL minor axis
we used the spatial profiles of the ICL spectra obtained by
coadding columns from 5800A˚ to 7550A˚ . The same proce-
dure was done for both components (slits) of the S-shaped
arc.
Figure 4. Radial velocity histogram for 95 probable cluster mem-
bers with a bin size of 150 km/s. The double-peaked structure of
the histogram does not depend on bin size.
3 RESULTS
3.1 Global properties of the cluster
Out of the ∼ 650 galaxy spectra that we collected in the
field of the cluster, 95 had redshifts in the range 0.283 <
z < 0.303 that we considered to be possible members of the
cluster. Figure 4 shows the radial velocity histogram of the
cluster for a bin size of 150 km s−1 that shows two distinct
peaks. The strongest peak, which contains close to 90% of
the galaxies, is centered very precisely on the average radial
velocity of the three brightest cluster members. The second
peak corresponds to galaxies with negative velocities rela-
tive to the brightest members. This could be interpreted as
evidence for the infall of a group of galaxies along a broad fil-
ament just behind the cluster onto the cluster centre defined
by the brightest galaxies. However, the spatial distribution
of the putative infalling galaxies is not distinct from that
of the main-peak galaxies, although none of the brightest
galaxies in the cluster corresponds to that group. Figure 5
shows a composite colour image of the central part of the
cluster where the three dominant central elliptical galaxies
are clearly seen together with the S-shaped arc. Two of the
central ellipticals form a very close dumbbell system that,
however, does not show the typical tidal distortions in their
envelopes that characterize well known dumbbells in groups
or nearby clusters (such as NGC 4782/4783 (Borne & Colina
1993) or A3391 (Govoni, Falomo, Fasano & Scarpa 2000)).
The higher redshift of our cluster (compared to previously
studied systems) and photometric effects from the third el-
liptical galaxy and the S-shaped arc, however, may make it
hard to distinguish faint distortions.
We cannot exclude that one of the components of the
dumbbell system originally had a radial velocity consistent
with the infalling peak of the histogram, and that the pas-
sage close to the other component and the cluster centre
c© 2010 RAS, MNRAS 000, 1–14
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Table 2. Catalogue of redshift and photometric properties of cluster galaxies in the field covered by SUSI2. The data for
all the 95 cluster galaxies will be given in an electronic catalogue.
Number RA DEC ra z mR
b Vrad σ(Vrad) mV σ(mV) V − I σ(V − I)
(Paper I) (deg) (deg) (arcsec) (mag) (km s−1) (km s−1) (mag) (mag) (mag) (mag)
1 9 13.502186 -28.406406 46.0 0.29266 21.60 75362 42 22.76 0.03 1.29 0.03
2 12 13.495841 -28.391250 81.5 0.29730 21.97 76369 22 22.64 0.03 0.75 0.04
3 30 13.580301 -28.435437 262.2 0.29032 21.08 74853 49 22.01 0.02 1.01 0.03
4 46 13.533176 -28.388791 85.7 0.29293 20.25 75421 20 20.91 0.01 0.89 0.02
5 50 13.503106 -28.404664 41.8 0.28861 22.15 74480 42 23.38 0.04 1.20 0.05
6 71 13.530753 -28.417693 76.5 0.29381 22.16 75612 40 23.67 0.05 1.19 0.06
7 132 13.444300 -28.375612 273.0 0.29340 20.17 75523 37 21.08 0.01 1.45 0.02
8 139 13.497322 -28.389076 81.9 0.29237 20.53 75299 32 21.64 0.02 1.47 0.02
9 140 13.519294 -28.400171 21.1 0.28781 21.96 74305 20 22.70 0.02 0.93 0.03
10 141 13.508329 -28.384237 74.0 0.29477 21.00 75821 34 22.06 0.02 1.37 0.02
11 142 13.503175 -28.370500 126.8 0.29481 0.00 75829 22 24.07 0.05 1.36 0.06
12 147 13.560627 -28.416407 171.5 0.29223 18.56 75269 33 19.44 0.01 1.12 0.01
13 153 13.539844 -28.375597 136.0 0.29455 23.09 75773 40 24.13 0.07 1.02 0.08
14 170 13.472959 -28.422650 164.9 0.28994 22.76 74770 25 23.98 0.06 1.27 0.07
15 177 13.513872 -28.391570 44.1 0.28884 20.94 74530 31 22.01 0.02 1.34 0.02
16 180 13.511961 -28.369568 123.6 0.28866 21.90 74491 36 22.93 0.03 1.34 0.03
17 181 13.524153 -28.366597 138.1 0.29389 20.62 75630 28 21.53 0.01 1.38 0.02
18 189 13.475854 -28.398279 141.2 0.29694 20.78 76291 43 21.92 0.03 1.34 0.03
19 200 13.484198 -28.373495 154.7 0.29313 21.52 75465 20 22.10 0.02 0.81 0.03
20 201 13.491214 -28.373469 138.0 0.29124 20.85 75053 33 23.20 0.04 1.32 0.05
21 209 13.509186 -28.395949 34.5 0.28559 22.33 73819 20 22.85 0.02 0.57 0.04
22 210 13.513265 -28.400198 13.9 0.29316 19.30 75471 38 20.43 0.01 1.49 0.01
23 211 13.512869 -28.404425 7.0 0.28644 20.34 74005 50 21.24 0.01 1.35 0.01
24 212 13.520299 -28.415043 45.3 0.29413 21.44 75682 20 22.60 0.02 1.39 0.03
25 213 13.519221 -28.420006 60.6 0.29259 21.98 75347 48 23.36 0.03 1.29 0.04
26 214 13.548498 -28.422960 139.9 0.29266 19.80 75362 20 20.52 0.01 0.85 0.01
27 216 13.506242 -28.438556 128.8 0.28859 0.00 74475 20 24.27 0.05 0.46 0.08
28 224 13.559791 -28.451988 237.6 0.29004 22.05 74792 20 24.02 0.15 1.10 0.17
29 231 13.509300 -28.376835 98.9 0.29279 19.65 75391 54 20.64 0.01 1.43 0.01
30 235 13.499133 -28.436700 131.1 0.29384 21.00 75619 50 22.18 0.02 1.26 0.03
31 238 13.509125 -28.445594 151.9 0.29179 21.65 75173 65 23.31 0.04 1.24 0.04
32 252 13.505991 -28.396574 40.7 0.29656 21.81 76209 55 22.83 0.03 1.22 0.03
33 281 13.548612 -28.400804 122.6 0.28908 22.93 74582 27 23.88 0.06 0.73 0.08
34 307 13.542390 -28.436479 154.3 0.29220 22.34 75262 29 23.30 0.04 0.77 0.06
35 321 13.472180 -28.382140 171.7 0.29288 22.34 75410 41 23.52 0.05 1.38 0.06
36 322 13.494444 -28.387932 92.6 0.29350 22.73 75545 25 23.51 0.04 0.73 0.06
37 441 13.582495 -28.451167 297.8 0.29001 20.27 74785 71 21.81 0.05 1.31 0.06
38 446 13.433374 -28.389027 297.5 0.29278 20.87 75389 83 22.01 0.02 1.52 0.03
39 447 13.430624 -28.392443 305.4 0.29278 20.95 75389 83 22.00 0.02 1.29 0.03
40 486 13.520790 -28.368487 128.9 0.29533 20.13 75942 73 21.21 0.01 1.50 0.01
41 490 13.522448 -28.394964 42.3 0.29030 19.93 74849 89 21.10 0.01 1.47 0.01
42 491 13.517445 -28.394719 34.1 0.29240 19.54 75306 77 20.69 0.01 1.49 0.01
43 492 13.502883 -28.387377 72.8 0.29203 20.29 75225 78 21.36 0.01 1.43 0.02
58 493 13.516765 -28.404248 13.1 0.29350 18.26 75545 42 19.27 0.01 - -
44 494 13.511110 -28.404158 13.0 0.29436 19.37 75732 101 20.72 0.01 1.45 0.01
45 496 13.494031 -28.399643 75.9 0.29068 20.03 74931 108 21.15 0.01 1.46 0.02
46 497 13.479428 -28.393846 131.9 0.29458 19.45 75780 63 20.55 0.01 1.43 0.01
47 498 13.495845 -28.427411 108.8 0.29431 19.88 75721 75 21.04 0.01 1.47 0.01
48 500 13.451707 -28.409518 227.7 0.29382 19.83 75615 90 20.96 0.01 1.55 0.01
49 501 13.494418 -28.450216 182.4 0.29272 20.13 75376 119 21.37 0.04 1.41 0.04
50 506 13.525435 -28.412273 49.3 0.29297 20.74 75430 49 21.80 0.02 1.36 0.02
59 509 13.515700 -28.403790 0.0 0.29290 17.33 75415 43 18.29 0.01 - -
69 510 13.51458 -28.403490 0.7 0.29340 - 75523 72 - - - -
51 512 13.513087 -28.397975 21.7 0.29256 19.14 75341 76 20.26 0.01 1.45 0.01
52 513 13.501408 -28.393905 59.6 0.28637 20.16 73990 67 21.27 0.01 1.43 0.02
53 538 13.523675 -28.389112 61.9 0.29084 21.82 74966 36 22.98 0.03 1.29 0.03
54 548 13.457036 -28.425231 221.5 0.28902 23.68 74569 38 24.67 0.08 0.75 0.11
55 1009 13.523528 -28.426816 88.8 0.29040 18.60 74870 724 19.76 0.01 1.51 0.01
56 1018 13.491513 -28.389769 97.5 0.29250 19.62 75328 723 20.79 0.01 1.46 0.02
57 1020 13.481431 -28.403676 119.7 0.29390 20.71 75632 726 21.81 0.02 1.30 0.02
a Distance to the center of the cluster
b Because of the crowding in the central area of the images, some galaxies are left without photometric data
could have deflected its original motion thus masking its
dynamical origin, but the evidence for such a major merger
event is rather weak: the X-ray contours shown in Figure 6
have a slight elongation along the dumbbell axis although
ROSAT does not detect any substructure. This may be due
to the resolution and sensitivity of the ROSAT data for this
relatively faint cluster in X-rays, although the presence of
a relaxed, smooth cluster structute does not necessarily im-
ply that the cluster is not in an advanced stage of merging
(Brough et al. 2008). The third E-galaxy (#493) also has a
small velocity difference relative to the db, but not know-
ing its real position along the line of sight, it remains rather
difficult to ascertain its dynamical role in the cluster centre.
The possibility that the double peaked radial velocity
histogram reflects a merger of two clusters was further in-
vestigated by Monte-Carlo simulations of a single peaked
Gaussian trying to detect secondary peaks produced by sta-
tistical fluctuations. We generated 100,000 galaxies with the
overall (single) Gaussian velocity dispersion of the cluster,
drawing 1000 random selections of 100 galaxies in each ex-
periment. We then searched for resulting bimodal distribu-
c© 2010 RAS, MNRAS 000, 1–14
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Figure 5. VRI colour composite of the central part of the cluster
showing very clearly the S-shaped arc, the dumbbell (BCG) and
the third close brightest elliptical galaxy (#493) to the East.
Figure 6. ROSAT X-ray contours superposed on a false colour
image of the cluster. The X-ray contours are fairly symmetric
with some elongation roughly in the direction of the ICL in the
outer parts.
tions applying the following conditions to define a statisti-
cally significant secondary peak:
(i) Reduced χ2 difference > 1 (χ2single − χ
2
bimod > 1)
(ii) Peak velocity differences > 400 km/s (‖µsingle −
µbimod‖ > 400)
(iii) Individual amplitudes > 2.5 (At least 3 objects in a
Gaussian)
(iv) Minimum FWHM for each Gaussian > 200kms−1
(v) Amplitudes ratio > 0.25 (Abimod1(2)/Abimod2(1) >
0.25)
Using bin sizes in the range 180− 250 km s−1 we found
that the probabilities of finding spurious bi-modality varied
Table 3. Global properties of RX J0054.0-2823
Parameter Value
X-ray luminosity LX = 0.200− 0.398× 10
14 ergs s−1
Virial Radius Rvir = 0.964 Mpc
Virial Mass Mvir = 7.1× 1013 M⊙
Total Luminosity Lvir,V = 8.08× 10
11 L⊙,V
Mass-to-light ratio (M/L)V = 88 (M⊙/L⊙)V
One Gaussian
Velocity dispersion σ = 496± 60 km s−1
R500 660 Kpc
BCG+ICL fraction 0.57± 0.07
Two Gaussians
Velocity dispersion σ = 328 km s−1
BCG+ICL fraction 0.41± 0.06
R500 413 Kpc
between 16% and 19%. Therefore, there is an 80% proba-
bility that our cluster underwent a significant merger in the
past, the few faint galaxies that we presently see infalling
onto the cluster centre are the last remnants of the infalling
smaller cluster. Thus, Table 3 presents the global properties
of the cluster obtained using all the gallaxies in our catalog
(One Gaussian), or fitting two Gaussians to the radial ve-
locity histogram and retaining the parameters of the main
peak to compute the properties of the cluster.
We computed the total luminosity of the cluster sum-
ming the light of all cluster members within a well defined
radius. However, this leads us to underestimate the lumi-
nosity because our spectroscopic catalogue is not complete.
We thus used an R-band image taken with WFI on the La
Silla ESO/MPIA 2.2m telescope to determine the luminos-
ity function of the cluster corrected for field contamination.
The result is shown in Figure 7 where we compare the lu-
minosity function of the galaxies with spectroscopy to that
from the WFI R-band photometry. The solid line shows the
fit of a standard 2-parameter cluster luminosity function
(α = −1.21; M∗,R = −21.14, see Christlein & Zabludoff
(2003)) adjusted to fit the four brightest (R=18 to R=19.5)
bins from the spectroscopic data. Thus, we calculate the
total luminosity of the cluster by integrating the fitted lu-
minosity function out to faint magnitudes. This is done in-
dependently for each value of r500 listed in Table 3, and we
obtain the V and I magnitudes assuming (V-R)=1.0 and
(V-I)=1.6.
3.2 Photometric properties of the ICL
Because of cosmological dimming, the detection of the ICL
in clusters should be much easier at low redshifts than at the
redshift of our cluster. However, we find that the disadvan-
tage is largely compensated by the fact that intermediate
redshift clusters are more compact allowing extremely ac-
curate sky subtraction and also minimizing contamination
by Galactic Cirrus that plague investigations of the nearest
clusters (Rudick et al. 2009, e.g.). In the surface brightness
profiles presented in Figure 9 we can detect the ICL down
to at least µV = 30 mag arcsec
−2 and radial distances of
more than 350 kpc, showing that can properly characterize
the ICL component for this cluster at z ∼ 0.3.
In order to characterize the properties of the ICL, and in
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Figure 7. Luminosity function of galaxies in the cluster deter-
mined using two sets of data: spectroscopically confirmed cluster
members (black dots; spec), and statistical counts using photom-
etry on a WFI R-band image as described in the text (green
dots; phot). The solid line shows the fit of a standard cluster
luminosity-function to the 4 brightest bins of the spectroscopic
data.
particular the fraction of the total stellar light of the cluster
that is contributed by the ICL, we need to define a radius
within which we will integrate these properties. To facili-
tate comparison with previous investigations, and in partic-
ular with the work of Gonzalez, Zaritsky, & Zabludoff (2007,
henceforth GZZ), we will use R500, the radius at which the
cluster density is 500 times the critical density of the Uni-
verse (Ωc = 5 × 10
−30g cm−3). GZZ used the sample of
clusters from Vikhlinin et al. (2006) to calibrate the rela-
tion between the velocity dispersion of the clusters (σ) and
R500 and thus to infer the radius from the velocity disper-
sion. Again for consistency, we will use the same calibration
to determine the relevant parameters of our cluster, with the
caveat that we have two possible values of σ as indicated in
Table 3. We thus infer two different values for R500, which
we will preserve in all computations.
Figure 5 illustrates the well known challenges of de-
tecting and characterizing the ICL in clusters: using pho-
tometry alone it is virtually impossible to separate the
ICL from the halo (in our case haloes) of the BCG. It
is therefore customary to treat both components together
(e.g. Gonzalez, Zabludoff, & Zaritsky 2005). We used the
task Ellipse within IRAF to build the surface bright-
ness profiles of the BCG+ICL using as input our deep im-
ages together with a mask with all pixels brighter than
R = 25 mag arcsec−2 and all pixels within 15 pixels of the
masked ones. The parameters of the task Ellipse are used
by the IRAF task Bmodel to build a model image of the
object and to generate the surface brightness profiles. To il-
lustrate how well this procedure works, even in the densely
populated central region of the cluster, we show in Figure 8
our I-band image of the cluster compared with the same
image subtracting the BCG+ICL component reconstructed
using the IRAF procedures (top panels).
We also experimented with the tools GALFIT Peng et al.
(2002) and OVWAV Da Rocha & Mendes de Oliveira (2005)
Figure 9. V and I surface brightness profiles in an r−1/4 scale.
Error bars indicate the excellent quality of the background sub-
traction, which have errors of equivalent to 0.2% of the sky. Even
at very low levels the errors are dominated by contamination by
objects in the field.
that in principle should provide even more accurate models
of the extended components. With GALFIT, which is proba-
bly the most powerful publicly available tool to model galax-
ies (elliptical galaxies in particular), we were not able to ob-
tain good models for the central galaxies either by fitting
one galaxy at a time and masking the other two, or fitting
the 3 galaxies together. Both procedures left large spourius
residuals in the model subtracted image. OVWAV, that uses
a wavelet analysis to detect and remove contaminating ob-
jects, should allow to better model the extended components
after cleaning. However, while we were able to obtain good
OVWAV fits for our R-band FORS2 and I-band NTT im-
ages, the procedure failed to converge for our V-band NTT
image, in spite of extensive consultations with the author
of the package. Nevertheless, as shown in the bottom pan-
els of Figure 8, the IRAF reconstruction and the OVWAV
procedure give remarkably consistent results, which make
us confident that our method to model and characterize the
extended BCG+ICL component is reliable and robust. Fig-
ure 9 presents the surface brightness profiles derived from
the reconstructed images indicating that we reliably detect
the ICL of the cluster out to radial distances of at least
r = 350 Kpc from the cluster centre.
In order to measure the colours of the BCG+ICL com-
ponent we used the structural parameters for the fitting el-
lipses (ellipticity and orientation) defined by the V-band to
get the I-band profile brightness. This allow us to avoid false
structures in the colour profiles due to mismatching of the
ellipses, or to rebinning errors. The resulting colour profile
presented in Figure 10 shows a gradient that can be traced
out to at least 350 kpc, despite some fluctuations in the re-
gion outside of 150 kpc. The main body of the BCG extends
out to approximately 10 kpc (see Figure 5), and then we see
a bluer section with approximately no variations in colour
extending from 10 to 40 kpc. From this point on we de-
tect a distinct and continuous bluing out to approximately
350 kpc. This last section is probably a pure ICL component
while the inner area probably still has a significant compo-
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Figure 8. (a, top left) Original I-band image of the central part of the cluster. (b, top right) Image after subtraction of the BCG+ICL
component using the model in (c). (c, bottom left) IRAF ellipse model. (d, bottom right) OVWAV reconstruction of the ICL in the
same band.
nent of BCG halo. A similar trend has recently been ob-
served in the extended halo of M87 by Rudick et al. (2010),
which they use to place constraints on the likely origin of the
ICL in Virgo. We will return to this point in the analysis of
our results.
3.3 Spectroscopic properties of the ICL
3.3.1 Northern semi-mayor axis: ICL-N
The combined 2-D spectrum of the major axis (N-S) com-
ponent of the ICL and BGC halo is shown in Figure 11.
The sky background for the northern component (ICL-
N) was measured in the slitlet marked Y in Figure 3. Af-
ter subtracting the sky from each of the 18 exposures of
ICL-N, and combining these 2-D spectra, we obtained a 1-D
spectrum by adding 22 rows at location Z in Figure 3. The
1-D spectrum in the region of the 4000A˚ break, rebinned
to z = 0, is shown in Figure 12a. The radial velocities and
4000A˚ break amplitude D(4000) measured in this spectrum
are listed in Table 4 together with the values for other rel-
evant regions of the cluster (see below). We find a D(4000)
step for ICL-N that is significantly shallower than that of
the central cluster galaxies and of galaxy #210, and is in
fact typical of post-starburst (E+A) and of bulge-dominated
spiral galaxies as discussed in Paper I. The lower value of
D(4000) in this region is consistent with the bluer colour
Figure 10. (V-I) colour of the BCG+ICL component as a func-
tion of radial distance. Special care was taken to match the fits of
the two bands to avoid spurious differences due to misalignment
and rebinning. Thus, the photometric error-bars provide accurate
indications of the reality of the various features visible in this plot.
of the ICL seen in Figure 10. There is no evidence of [OII]
emission at the redshift of the cluster.
The velocity dispersion of the H & K lines of the ICL
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Figure 11. 2-D spectrum of the ICL on the major axis from
4900A˚ to 7550A˚. North is up. The spectra of galaxies A and #210
in Figure 3, which are used for the spatial alignment of individual
spectra, are identified. The object marked B appears as a clump
in the ICL (Figure 3). It is in fact a background galaxy at z =
0.981. The main absorption lines of the ICL, K, H, and Mgb, are
indicated.
was measured as follows: a smoothed step function with
D(4000) as step was used to model the continuum as shown
in Figure 13a. The instrumental profile was deduced from
the 5575A˚ night-sky line, scaled to the depth of the absorp-
tion lines to be measured. It was assumed that the ICL line-
profiles are Gaussian so the observed widths are a convolu-
tion of the slit function with a Gaussian of the same height.
The line-widths were derived by minimizing the residuals af-
ter removing the continuum. The fit to H & K in the ICL-N
spectrum after continuum subtraction is shown in the insert
of Figure 12a.
3.3.2 Southern semi-major axis: ICL-S
The sky background was measured at the southern end of
the same slit used to measure the ICL (the region below the
absorption line symbols K, H, G in Figure 11). Three 1-D
spectra were extracted at different locations of the ICL-S:
an inner spectrum combining 8 rows located between the
spectrum of the southern component of the S-shaped arc
and object B; an middle spectrum combining 10 rows be-
tween galaxies A and B; and an outer spectrum obtained
by combining 13 rows south of object A. The three result-
ing spectra are shown in Figure 12b. We observe a velocity
gradient of △V ∼ 180 km s−1 between the outer and inner
positions, and a corresponding gradient in D(4000) that is
consistent with the bluer colour of the ICL relative to the
central galaxies.
3.3.3 ICL minor axis
The sky background was measured on both sides of the ICL
as indicated in Figure 3. We obtained three 1-D spectra
by combining 13 rows starting from south of galaxy #493
outward; 16 rows on the opposite side; and 10 rows in the
inner region. We find a large E-W radial velocity gradient of
△V ∼ 300 km s−1 and, consistently with ICL-S, D(4000) is
significantly smaller in the outer regions than in the middle.
Figure 12. (a, Top). Spectrum of ICL-N rebinned to z = 0 in
the region of the 4000 A˚ break obtained by adding 22 rows in the
region marked Z in Figure 3. The insert shows the Gaussian fits
used to estimate the velocity dispersions as discussed in the text.
(b, Bottom). Spectra of the ICL-S components.
We combined the spectra in the region where the slits of
the major and minor axes cross. This gives a reasonably
high S/N spectrum (Figure 13b) where we clearly detect
strong metallic absorption lines - Al III 3584A˚, Fe 4383A˚,
and 4531A˚. The Hδ absorption line in this region is weaker
than in ICL-N.
3.3.4 Kinematics of the ICL
Table 4 and Figure 14 summarize the velocity information
for the various components of the ICL discussed above. The
radial velocities, △V km s−1, are in the rest frame of galaxy
#509, which is at z = 0.2929. The table shows that the ra-
dial velocities of the ICL are quite chaotic, and that, within
the rather large errors, the velocity dispersions seem to dom-
inate over velocity differences. There is clear indication of
a systematic increase in velocity dispersion with distance
to the cluster centre, which can be interpreted as evidence
for a true ICL component dynamically decoupled from the
BCGs, more representative of the cluster as a whole. The
least uncertain velocity dispersion measurements are for the
intersection of the NS and EW stilts, ICL-N, and ICL-S
(middle) that have the lowest formal errors. According to
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Figure 13. (a, top) Spectrum of the ICL-S at the intersection of
the two slits with a model continuum superimposed in blue. (b,
bottom) Same spectrum corrected for redshift where the metal-
lic lines are indicated. The feature marked with a question mark
could not be identified with any nebular emission-line at the red-
shift of the cluster, nor do we find a secondary absorption line
system in the spectrum of the ICL component.
our photometry, only ICL-S (middle) would be a bona-fide
ICL component, while ICL-N and the intersection region are
well within the BCG haloes. Taking the average of ICL-N,
ICL-S(inner), and the slit intersection region as representa-
tive of the BCG haloes, we get a halo velocity dispersion of
414±114 km s−1. We do not have a stellar template to cali-
brate the instrumental width of a single (K-type) star, so we
used galaxy #210 that was observed with a reasonably good
S/N to infer a lower limit for the true velocity dispersions.
We thus get σBCG−halo ∼ 353 ± 135km s
−1 for the BCG
haloes, and σICL ∼ 478 ± 113 km s
−1 for the ICL (that is
ICL-S(middle)). This is consistent, within the errors, with
both values for the velocity dispersion of the cluster given in
Table 3. As expected, the velocity dispersion of the ICL for-
mally larger than that of the BCG halo, but the difference
is not significant given the large errors.
3.3.5 The S-shaped arc
Figure 15 shows 1-D extractions of the North and the South
components of the S-shaped arc. No emission lines are visi-
Figure 14. Line-of-sight radial velocities relative to galaxy #509,
illustrating the caothic motion of the diffuse component, as dis-
cussed in the text.
Figure 15. Extracted spectra of the two components of the
S-shaped arc. No emission lines are visible on either compo-
nent, which otherwise have spectra typical of faint absorption-line
galaxies in the cluster.
ble in either component, which otherwise have spectra typi-
cal of faint absorption-line galaxies in the cluster (Paper I).
The two spectra, however, are not identical and in fact
have slightly different redshifts, although the difference of
165 km s−1 is only at the 2σ level. Both components show
clear Balmer lines in absorption, but those of the southern
component are stronger. We find no evidence, therefore, that
either of the components of the S-shaped arc could be the
gravitationally lensed image of a background galaxy.
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Table 4. Integrated Properties of the ICL of the cluster RX J0054.0-2823
Location △α (sec) △δ (′′) △V (km/s) σV (km/s) D(4000)
Center (galaxy #509) 0 0 – – –
Galaxy #210 +0.36 +3.5 +93± 30 216± 34 1.83± 0.01
ICL N +0.24 +8.6 −151 ± 43 436± 102 1.39± 0.02
ICL-S (inner) -0.17 -4.4 −151 ± 30 318± 135 1.55± 0.01
ICL-S (middle) -0.25 -7.5 −125 ± 43 525± 102 1.51± 0.02
ICL-S (outer) -0.35 -11.1 +26 ± 0.30 – 1.39± 0.02
ICL Minor axis (east) -0.62 -4.8 +143 ± 43 550± 148 1.46± 0.02
ICL Minor axis (middle) -0.29 -4.9 −76± 43 550± 148 1.54± 0.01
ICL Minor axis (west) +0.12 -5.4 −143 ± 43 593± 161 1.44± 0.02
Intersection of slits -0.19 -5.1 −112 ± 30 487± 76 1.54± 0.01
Object B -0.22 -6.2 – – –
Object A -0.29 -9.1 – – –
Arc North -0.35 +1.32 +67± 30 335± 102 1.67± 0.01
Arc South -0.11 -3.1 −67± 30 425± 135 1.59± 0.01
4 DISCUSSION
4.1 Dynamics of the cluster and origins of the ICL
The fact that the cluster has rather regular X-ray contours
indicates a reasonably relaxed centrally symmetric gravi-
tational potential. It seems plausible, therefore, to assume
that the three central E-galaxies are in fact close neighbors.
The likely outcome of this configuration is that the dumb-
bell will circularize its orbit and that eventually the three
galaxies will merge (Brough et al. 2008; Pimbblet 2008). In
the process, they create a strong varying gravitational tidal
field that will shred to pieces any small galaxy that ventures
to the central region of the cluster, particularly late-type
galaxies. This could be the source of the two pieces of our
S-shaped arc, that has colours and spectral types consistent
with those of faint galaxies in the cluster, but very simi-
lar redshifts to the surrounding large ellipticals. Thus, the
three massive central elliptical galaxies could form a sort of
efficient galaxy grinding machine, rapidly filling the central
regions of the cluster with debris and dispersed stars. This
is consistent with the complex pattern in the radial veloc-
ities of the diffuse components (Figure 14) and their large
velocity dispersions.
This is also consistent with the clear outward bluing of
the ICL, both in the photometry and in the spectra. Sim-
ilar bluing trends have been found by Rudick et al. (2009)
for Virgo, and by Jee (2010) for CL0024+17 at z=0.4, who
argued that the bluing provided evidence of ongoing strip-
ping of stars. If the bulk of the stars were stripped a few
Gyrs earlier the ICL would be redder if the cluster galaxies
continue to form new stars (Sommer-Larsen et al. 2005). In
fact, our spectra indicates that the ICL luminosity is dom-
inated by star younger than 2.5 Gyrs. This explanation is
also consistent with the colour gradient observed in the red-
sequence of clusters (e.g. Figure 2) if we posit that the main
donors of ICL and BCG halo stars are faint galaxies, and
with the measured values of D(4000). Our “galaxy grinding
machine” model would provide a mechanism to accomplish
this efficiently, although we also believe that there might
be other contributors to the observed bluing, e.g. unmasked
faint galaxies, more of which are forming stars in the pe-
riphery of the cluster than near the centre.
4.2 Baryons
GZZ presented a comprehensive study of the ICL compo-
nent in 23 clusters from the Gonzalez, Zabludoff, & Zaritsky
(2005) sample of clusters with well determined dynamical
masses and X-ray luminosities. The central aim of GZZ was
to account for all baryons in clusters, and the inclusion of
the ICL, which may contain as much as 50% of all the bary-
onic mass, was of paramount importance. In fact, because
of the problems to disentangle the ICL from the halo of the
BCG mentioned above, GZZ actually measured the fraction
contained by both components together that for the pur-
pose of counting baryons is a valid approach. GZZ found
a correlation between the velocity dispersion of their clus-
ters and the fraction of the total cluster light that is con-
tained by the BCG+ICL component. Figure 16 reproduces
the GZZ correlation using the values tabulated in their pa-
per. The BCG+ICL component dominates the stellar mass
for small mass clusters, but is less than 40% for the most
massive ones. GZZ argued that there was a good physical
basis to expect such correlation and ruled out the possibil-
ity that the correlation results from selection biases in their
data, in particular the radial dependence of the BCG+ICL
component, which is more centrally concentrated than the
galaxies. Recently, however, Puchwein et al. (2010) failed to
reproduce such a strong correlation using state of the art
hydrodynamical simulations, although they did not consider
low-mass clusters that are actually the ones that define the
steep correlation of GZZ. The slope of the models is roughly
in agreement with the observations for clusters more mas-
sive than ∼ 1013M⊙, but in this mass range the models
still predict about two times more BCG+ICL light than is
observed. Puchwein et al. (2010) argued that they did not
expect significant changes in their estimates from improve-
ments in the simulations, and therefore shifted the burden
of proof on improved observations.
The BCG+ICL fraction for our cluster is shown by the
two coloured open squares in Figure 16, corresponding to the
two possible values for the velocity dispersion of the cluster.
Both points are seen to fit very well in the GZZ correlation.
This happens because, as indicated by GZZ, and shown in
Figure 17 for our cluster, the BCG+ICL fraction decreases
with increasing radius and we use R500 that scales with ve-
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Figure 16. Fraction of the total light in clusters that is emitted
by the BCG+ICL component as a function of velocity dispersion.
The filled squares are the data from GZZ and the red square
are the two values corresponding to the two possible values of the
velocity dispersion of our cluster listed in Table 3. For both values
our cluster fits the correlation rather well.
locity dispersion to calculate the fractions. In fact, our clus-
ter fits the GZZ relation for any value of σ in the range
allowed by the observations (330 − 500 km s−1). This sug-
gests that the steep part of the GZZ relation - the region of
small cluster masses - may indeed be affected by the strong
radial gradient in the BCG+ICL fraction (Figure 17). The
errors that propagate to the BCG+ICL fractions through
the measurement uncertainties in the velocity dispersions of
low-mass clusters via the σ − R500 relation, and the strong
radial dependence of the BCG+ICL fraction, actually blur
the low-mass end of the correlation. In fact, if clusters with
velocity dispersions lower than 500 km s−1 are removed from
the sample, the remaining (massive) clusters define a trend
that is consistent with the trend predicted by the numeri-
cal simulations of Puchwein et al., although the discrepancy
with the absolute values of the BCG+ICL fractions remains.
We suspect that the discrepancy may be related to the
way in which colours and magnitudes are assigned to the
numerical stars as a function of mass, age, and chemical
composition, and their assumed IMF. Unfortunately, how-
ever, Puchwein et al. (2010) and the references they cite do
not provide enough details about their treatment of stellar
evolution to look deeper into the models.
5 SUMMARY AND CONCLUSIONS
We have presented deep photometry and spectroscopy of the
diffuse intracluster light (ICL) of an intermediate redshift
cluster at z=0.3. We show that despite the redshift we are
able to measure both the photometric and kinematic proper-
ties of the ICL out to distances comparable to the distances
reached by state-of-the-art observations of local clusters such
Figure 17. Fraction of the total light in the cluster contained
in the BCG+ICL component as function of the enclosing radius
(bottom axis). The top axis scale is the equivalent velocity dis-
persion using the relation σ − r500 described in the text and can
be used to compare with figure 16. Note the significant radial de-
pendence of the measured fraction. We don’t show the fraction
with radius larger than r = 600 Kpc because we don’t detect the
ICL component beyond that radius.
as Virgo. This is because, being more compact, we have less
problems to subtract the sky background and the contam-
ination by large scale features like Galactic cirrus. And of
course we are able to observe with 8m-class telescopes. We
found that globally the BCG+ICL component is reasonably
well characterized by a de Vaucouleurs R1/4 law, and we de-
tect a significant outward bluing of the diffuse component.
At a distance between 40 kpc and 350 kpc from the cluster
centre, the colour gradient flattens and the slope of the sur-
face brightness profile steepens probably signaling the region
of pure ICL light. We also find that the D(4000) index, which
is an indicator of stellar populations, is shallower in these
outer regions and consistent with the value observed for faint
galaxies in the cluster. This, combined by the rather chaotic
kinematics of the ICL at large radii, is consistent with the
observations in lower-z clusters of filamentary structures in
the ICL. Our cluster is characterized by a triplet of bright
elliptical galaxies in its centre, two of which form a close
dumbbell pair. We argue that this structure will eventually
merge thus significantly increasing the BCG+ICL compo-
nent. In spite of its dynamical youth, however, the fraction
of BCG+ICL to total light in our cluster is consistent with
the values observed for similar mass clusters at low redshifts.
If real, this indicates that most of the ICL must be formed
early in the merging history of clusters. However, the radial
velocity histogram of our cluster is consistent with two dif-
ferent values for the velocity dispersion, and curiously the
cluster fits the correlation between BCG+ICL fraction and
velocity dispersion for both velocity dispersions equally well.
This happens because there is a well known relationship be-
tween BCG+ICL fraction and radius, and we integrate the
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light out to a radius that scales with velocity dispersion. This
leads us to suggest that the correlation between BCG+ICL
and velocity dispersion may be much weaker than previously
thought, which is consistent with the predictions of hydro-
dynamical numerical simulations. However, the simulations
predict BCG+ICL fractions on average a factor of ∼ 2 larger
than observed (with BCG+ICL fractions up to 70% and
with the ICL alone having 45% of the stellar mass), but un-
fortunately the theoretical papers do not provide sufficient
details about the modeling to allow a better understanding
of the discrepancy. In particular, it is not clear how these
simulations model stellar evolution, nor whether the models
actually reproduce the observed colours and D(4000) steps
of the ICL. We are confident in our measurement of the
BCG+ICL fraction in RX J0054.0-2823 and therefore that
the discrepancy does not lie with the observations.
The main conclusions of our paper can be summarized
as follows:
(i) The S-shaped arc in the ROSAT cluster RX J0054.0-
2823 is not the gravitationally lensed image of a background
galaxy, but the remnant of two faint cluster galaxies in the
act of being tidally destroyed by the gravitational field of
the three giant elliptical galaxies in the cluster centre;
(ii) In spite of the relatively large redshift of the clus-
ter (z ∼ 0.3) we were able to clearly detect its dif-
fuse intracluster-light (ICL) component and to measure
its broad-band colours and spectral signatures. The bluer
colour and shallower spectral indexes of the ICL, and its
chaotic motions are consistent with the idea that the ICL
originates from tidally disrupted galaxies.
(iii) For the ICL we measured D(4000)=1.39±0.02, typ-
ical of post-starburst (E+A) galaxies. This value is signifi-
cantly different from D(4000)=1.83±0.01 measured for the
central galaxies, and is consistent with the bluer colour of
the ICL;
(iv) The bi-modal radial velocity distribution of the clus-
ter galaxies makes its velocity dispersion rather uncertain,
despite the fact that we have velocities for close to 100 clus-
ter galaxies. However, we find that the cluster fits the cor-
relation between the fraction of the light in the BCG+ICL
component and velocity dispersion found by GZZ for any
value of the velocity dispersion in the range allowed by the
observations. This led us to question the correlation given
the rather large observational uncertainties in the veloc-
ity dispersions of the low-mass clusters in the GZZ sample.
However, our cluster shows the same discrepancy between
the observed BCG+ICL fraction and the values predicted
by numerical simulations.
(v) The BCG+ICL fraction of our cluster is undistin-
guishable from that of similar mass clusters at lower redshift
in the GZZ sample. This indicates that most of the diffuse
component in clusters is already in place at z=0.3.
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